We discuss the chiral behavior of nucleon and ∆(1232) electromagnetic properties within the framework of a SU (2) covariant baryon chiral perturbation theory. Our one-loop calculation is complete to the order p 3 and p 4 /∆ with ∆ as the ∆(1232)-nucleon energy gap. We show that the magnetic moment of a resonance can be defined through the linear energy shift only when an additional relation between the involved masses and the applied magnetic field strength is fulfilled. Singularities and cusps in the pion mass dependence of the ∆(1232) electromagnetic moments reflect a non-fulfillment. We show results for the pion mass dependence of the nucleon iso-vector electromagnetic quantities and present results for finite volume effects on the iso-vector anomalous magnetic moment.
with r = M/M * , µ = m/M * . After integrating the Feynman parameter, we obtain contributions which are nonanalytic inB. These terms can only be expanded, i.e. a magnetic moment defined by ∆E = − µ · B, when the following condition is met:
A mass of m = M * − M violates the above condition which is reflected by singularities and cusps in electromagnetic (em) moments. Examples are the em moments of the W -boson [3] . The loop contributions with top and bottom quarks are singular when the masses are tuned to m t = m W − m b . Another example are the em moments of the ∆(1232). We obtain singularities and cusps in the pion mass dependence of the ∆(1232) magnetic dipole, electric quadrupole and magnetic octupole moments at m π = M ∆ − M N [4] .
II. NUCLEON ELECTROMAGNETIC PROPERTIES
The nucleon Dirac F 1 (Q 2 ) and Pauli F 2 (Q 2 ) form factors are defined by the following matrix element:
with q = p ′ − p, Q 2 = −q 2 as the momentum transfer and u(p) as the nucleon spinor with mass m N . At Q 2 = 0 these form factors are the nucleon charge e N , anomalous magnetic moment κ N and magnetic moment µ N : F 1 (0) = e N , F 2 (0) = κ N and µ N = (e N + κ N )e/2M N .
We concentrate on the chiral behavior of the nucleon iso-vector anomalous magnetic moment κ V , Dirac r 
We use the chiral perturbation theory given by the BχPT Lagrangian of [6] with the ∆(1232)-isobar included by the δ-power counting scheme of [7] . The explicit Lagrangian consisting of pion, nucleon, ∆(1232)-isobar and photon fields can be found in [5, 8] . The power counting breaking terms as found in [6] are treated by the renormalization prescription of [9] . Our BχPT investigation is complete to the order p 3 with inclusion of ∆(1232) effects up to p 4 /∆ where ∆ is the ∆(1232)-nucleon energy gap.
In fig. 1 we depict all one-loop contributions originating at the considered order. For the diagram (N4) we also investigate contributions from a non-minimally coupled photon to the ∆∆γ vertex as discussed in [10] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 V radii as function of the pion mass squared. The lattice data are taken from: brown up-triangles [11] , red rectangles [12] , blue down-triangles [13] , green squares [14] . The green dotted line corresponds to contributions coming from the graphs (N1) and (N2). The red solid line corresponds to the contributions of all graphs with a non-minimal ∆-photon coupling in (N4) while the blue dotted line is with a minimal ∆-photon coupling. We constrain our results for κV and r In fig. 2 we show our results [4] for the pion mass dependence of the nucleon iso-vector a.m.m., Dirac r appears at higher orders.
III. FINITE VOLUME EFFECTS FOR κV
We now discuss preliminary results for finite volume contributions to the nucleon iso-vector a.m.m. coming from the graphs (N1) and (N2) of fig. 1 . For this, we calculate the self-energy of the nucleon in a constant magnetic field B = Be z . We take here the pseudo-scalar N N π vertex. We obtain for the self-energies of the proton and neutron the following results:
and β 1 = z(1 − z)B, β 2 = −(1 − z) 2 B, β 3 = −(1 − z)B. In a finite volume the loop momentum l is discretized by
n with l = 2π L n and n ∈ Z 3 . We extract the a.m.m. through the linear coefficient in an expansion in B. The a.m.m. infinite volume contribution obtained from (5) coincides with the one discussed in the previous section. In fig. 3 we depict our results for the nucleon iso-vector a.m.m. for a volume of size L = 3 fm with n i ≤ 1 and n i ≤ 2. The main effect comes from the n i ≤ 1 contribution which adds negatively to the infinite volume result. 
IV. SUMMARY
We first discussed the anomalous magnetic moment of a resonance. In contrast to stable particles, the self-energy of unstable particles depends non-analytically on the applied external magnetic field. A resonance magnetic moment is defined by the linear energy shift ∆E = − µ · B only when condition (2) is met. We calculated the pion mass dependence of the ∆(1232) electromagnetic moments which reveal singularities and cusps for the pion mass at which (2) is not fulfilled. We studied the chiral behavior of the nucleon iso-vector a.m.m., Dirac-and Pauli-radii in a manifestly covariant SU (2) baryon chiral perturbation theory with inclusion of ∆(1232)-isobar degrees of freedom. Our results are complete to the order p 3 and p 4 /∆. We also showed preliminary results for finite volume effects on the iso-vector a.m.m. .
